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PROSTHETIC HIP JOINT WITH SIDE PIVOT 

TECHNICAL FIELD OF THE INVENTION 
The present invention relates generally to a prosthetic hip designed to provide a pivoting 

5 motion that closely resembles that of a natural hip joint. More particularly, the present invention 
relates to a prosthetic hip having a side pivot point and an aligned load point. 

BACKGROUND OF THE INVENTION 
[0001] When it is necessary to amputate a diseased or damaged leg from a human being, the 
amputation is typically performed in one of two ways. Hip disarticulation amputations are 

10 surgical procedures in which the leg is removed at the hip joint, leaving the pelvis substantially 
intact. Hemipelvectomy amputations are surgical procedures in which a portion of the pelvis is 
removed along with the leg. Amputees who have undergone either procedure often wish to be 
fitted with prosthetic equipment that will allow them to replicate at least a portion of the function 
of the missing limb. Typically, this entails creation of both a prosthetic hip joint and artificial 

1 5 leg. Artificial legs are well known in the art and are widely available with a variety of features. 
[00021 Likewise, prosthetic hips are well known in the art, and several such hips have been 
designed. A typical conventional prosthetic hip includes a socket that receives and is affixed to 
the lower portion of the torso of the amputee and a pi votable joint that connects the socket to the 
artificial leg. .The joint is intended to allow the artificial leg to pivot relative to the socket so as 

20 to simulate the relative movement that is provided by a natural hip joint. Conventional prosthetic 
hips, however, use a configuration in which the joint is positioned on the front of the socket, as 
shown in Figure 1. This configuration is premised on the assumption that, by positioning the hip 
joint in this manner, it will be easier for the amputee to stand and walk as desired and to 
maneuver the artificial leg in general. 

25 [0003] This conventional configuration has certain disadvantages. For example, because the hip 
joint itself is not aligned with the natural weight-bearing line of the amputee's body, an unnatural 
load is applied to the torso of the amputee and a sizable moment occurs at the joint itself. In 
addition, the forward position of the joint makes it difficult to construct a cosmesis that can 
effectively maintain the desired cosmetic effect when the amputee is in a sitting position. 

30 [00041 Hence, it remains desirable to provide a improved prosthetic hip for use with an artificial 
leg. The desired prosthetic hip would avoid the disadvantages of the prior art and would provide 
stable and comfortable support to the amputee. 



SUMMARY OF THE INVENTION 
[0005] The present invention comprises a prosthetic hip having a side pivot point and a vertically 
aligned load point that is offset from the pivot point. The present prosthetic hip avoids the 
disadvantages of the prior art by positioning the load-bearing member directly below, rather than 
5 in front of, the load point of the amputee's torso within the socket. 

[0006] In certain embodiments, the invention relates to a prosthetic hip for supporting a 
prosthetic leg, comprising a socket having an outer surface, a mount on the outer surface and 
defining a joint axis, the joint axis substantially coinciding with the natural axis of rotation of the 
patient's natural leg when rotated in a sagittal plane; and a first member adjustably affixed to the 
10 outer surface, the first member including an extension stop member; the upper leg end being 
pivotably mounted on the mount such that the leg is pivotable about the joint axis and pivoting of 
the leg in at least one direction is limited by the extension stop member. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 For a detailed description of a preferred embodiment of the invention, reference will now 

be made to the accompanying drawings wherein: 

Figure 1 is a side schematic view of a conventional prosthetic hip and leg; 
Figure 2 is a side elevation of a prosthetic hip constructed in accordance with a preferred 
embodiment of the present invention and used in conjunction with a prosthetic leg; 
20 Figure 3 is a front view of the prosthetic hip of Figure 2; 

Figure 4 is an exploded view of the prosthetic hip of Figure 2; 
Figure 5 is an enlarged cross-section take along the lines 5-5 of Figure 2; 
Figure 6 is a cross-section of a hip joint constructed in accordance with an alternative 
embodiment of the present invention; 
25 Figure 7 is a further exploded view of the hip joint of Figure 4; 

Figure 8 is an enlarged view of one component of a preferred embodiment of the present 
invention; and 

Figure 9 is an exploded view of an alternative embodiment of the components of Figure 

7. 

30 DETAILED DESCRIPTION OF THE INVENTION 

[0007] Referring now to Figures 2 and 3, the prosthetic hip 10 of the present invention includes a 
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socket 20, a hip joint 50, and a load arm 100. Hip joint 50 is affixed to the side of socket 20 as 
described in detail below. Hip joint 50 serves to pivotally connect a femur 90 of an artificial leg 
92 to socket 20. As further described below, in some embodiments, load arm 100 extends 
laterally from a point near the upper end of femur 90 to a point in a vertical plane that 
5 approximately intersects the natural hip joint. 
Socket 

[0008] As is known in the art, socket 20 is preferably constructed of fiber-reinforced plastic 
(FRP) and is preferably formed around a mold of the amputee's torso so that it provides a snug, 
customized fit. In this regard, any suitable technique for constructing and shaping socket 20 may 

10 be used. Socket 20 has an inner surface 21 and an outer surface 22. In a departure from 
conventional sockets, however, socket 20 includes a mount for hip joint 50 that is positioned on 
the side, rather than on the front, of socket 20. Put another way, as best illustrated in Figure 2, 
hip joint 50 is positioned so that it lies in or near a coronal plane intersecting both of the 
amputee's natural hip joints, hereinafter referred to as the hip joint plane. The coronal plane is 

15 perpendicular to the plane of the paper in Figure 2 and parallel to the plane of the paper in Figure 
3. The present mounting of hip joint 50 is in contrast to conventional sockets, which have the 
hip joint mounted well in front of the hip joint plane. At the same time, hip joint 50 is mounted 
on socket 20 such that the plane of rotation of hip joint 50 is substantially parallel to the natural 
plane of rotation of the amputee's missing leg. 

20 [0009] According to some embodiments, the outer surface 22 of socket 20 includes a roller track 
26. Roller track 26 is preferably substantially smooth and describes a portion of a circular path 
lying in a sagittal plane and having its center point at or near the center of rotation of the 
amputee's natural hip joint. Roller track 26 is discussed in further detail below. 
Hip Joint 

25 [0010] Hip joint 50 is preferably constructed so as to allow substantially free rotation of the 
artificial leg within certain prescribed limits. Limits on rotation of the leg are described in detail 
below. Referring now to Figures 4-6, some embodiments of hip joint 50 include a mount 52, 
which is preferably embedded in and integral with socket 20, a locking plate 60, and a tightening 
plate 80. Mount 52 preferably includes a head 54 and an extension 56 having a bore 57 that 

30 includes female threads 58 and defines a joint axis 59. Head 54 is preferably embedded in the 
material of socket 20 at the time socket 20 is formed. Extension 56 extends outwardly from the 
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outer surface of socket 20. Head 54 and extension 56 are preferably but not necessarily formed 
as a single metal piece. 

[0011] Locking plate 60 preferably has an inner surface 62, an outer surface 68, and a bore 67 
therethrough. As best shown in Figures 7 and 8, inner surface 62 preferably includes a plurality 

5 of ridges 64, which are preferably but not necessarily configured such that they are parallel to 
radii extending from the center of bore 67. In a preferred embodiment, outer surface 22 of 
socket 20 includes a similar plurality of similarly configured ridges 24. Outer surface 68 of 
locking plate 60 preferably includes a frustoconical bevel 66 (Figure 7) centered on bore 67. 
[0012] Referring briefly again to the embodiments shown in Figures 2, 6, and 7, locking plate 60 

10 further includes an extension stop 70 that extends substantially radially away from bore 67. 
Extension stop 70 comprises an arm 72 and an arcuate stop member 74 supported on the distal 
end of arm 72. Stop member 74 preferably extends outwardly from the outer surface of locking 
plate 60 and is preferably substantially perpendicular to the arm 72. Stop member 74 preferably 
receives and supports a generally cylindrical elastomeric bumper 76 mounted therein. 

15 [00131 Referring now to Figures 2, 5, and 7, tightening plate 80 preferably has an inner surface 
82, and outer surface 88, and a central bore 87. Tightening plate 80 preferably has a 
frustoconical side edge 86, whose shape corresponds to that of bevel 66. In addition, tightening 
plate 80 includes at least one, and preferably at least 5 or 6 countersunk holes 85, which 
correspond in position to a similar plurality of threaded or unthreaded holes 25 in socket 20 and 

20 threaded holes 55 in head 50. 

[0014] In an alternative embodiment, illustrated in Figure 9, locking plate 60 is provided with a 
plurality of teeth or ridges 69 that engage a plurality of corresponding teeth or ridges 89 on 
tightening plate 80. The engagement of teeth 69 with teeth 89 serves to prevent rotation of 
locking plate 60 relative to socket 20, as tightening plate 80 is affixed to socket 20 (such as by 

25 the engagement of screws 1 32 in threaded holes 5 5). 

[0015] It will be understood that the systems for positioning and preventing rotation of locking 
plate 60 that are shown in Figures 7 and 9 are merely preferred embodiments. Any alternative 
means for achieving these objectives can be substituted therefore and is intended to be within the 
scope of the present invention. 

30 Load Arm 

[0016] Referring now to Figures 3 and 6, in some embodiments load arm 100 comprises a body 
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102 having an inner end 104 and an outer end 106. Inner end 104 is adapted to support thereon a 
pivotally mounted roller 110. Roller 1 10 is mounted such that its axis of rotation is substantially 
horizontal and parallel to the hip joint plane. The outer end 106 of load arm 100 can be affixed 
to the artificial leg in a variety of ways. At least two configurations are possible. In the 

5 configuration shown in the Figures, load arm 100 is constructed as an integral part of the upper 
end of the artificial femur 90. In the second (not shown), load arm 100 is separate from femur 90 
and is mechanically affixed to femur 90 by any suitable means. There are advantages associated 
with each configuration. For example, an integral load arm has few components and fewer 
interfaces, but is not adjustable and may be more complicated to manufacture. 

10 [0017] Referring still to Figures 3 and 5, the artificialfemur 90 used with the present hip joint is 
preferably a rod having a conventional artificial knee attached to its lower end. The upper end of 
the rod is integral with or rigidly affixed to a connector 120 that is adapted to pivotably engage 
hip joint 50. In some embodiments, connector 120 includes at least a flattened head 121 having 
an inner surface 122, an outer surface 128, and bore 127 therethrough. In a preferred 

15 embodiment, inner surface 122 includes a countersink 123 surrounding bore 127 and outer 
surface 128 includes a countersink 129 surrounding bore 127. Countersinks 123 is configured to 
receive extension 56 of mount 50 and countersink 129 is configured to receive the head of a 
screw 130, as described below. If desired, one or both of countersinks 123, 129 may each be 
further configured to additionally receive a washer (not shown). 

20 Assembly 

[0018] When it is desired to assemble the present prosthetic hip 10, locking plate 60 and 
tightening plate 80 are aligned and placed on mount 52 so that extension 56 extends through their 
respective bores 67, 87. At this point, it is possible and desirable to position locking plate 60 
such that its extension stop member 74 is at a desired azimuthal position relative to joint axis 59. 

25 Once locking plate 60 is rotated to the desired position, locking plate 60 is pressed against the 
outer surface 22 of socket 20 such that ridges 64 engage ridges 24 and prevent locking plate 60 
from rotating relative to socket 20. Tightening plate 80 is likewise pressed against locking plate 
60 such that its frustoconical edge 86 bears on bevel 66. Screws or other fasteners 132 may then 
be inserted through holes 85 and tightened into corresponding holes 55 so that locking plate 60 is 

30 held in place and cannot rotate relative to socket 20. 

[00191 Connector 120 at the upper end of the artificial femur is then placed over mount 52 such 
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that its bore 127 aligns with bores 67, 87 of locking plate 60 and tightening plate 80, 
respectively. If desired, a washer may be included between the inner surface 122 of connector 
120 and the outer surface 88 of tightening plate 80. A screw 130 is then passed through bore 127 
and threaded into the threaded bore 57 of mount extension 56. If desired, a washer may also be 

5 included between the outer surface 128 of connector 120 and the head of locking screw 130. 
According to one preferred embodiment, locking screw 130 may be an expandable screw such as 
are known in the art. In this embodiment, screw 130 is locked in place by driving a compression 
member (not shown) through an opening (not shown) in the inner surface 21 of socket 20, into a 
bore (not shown) in locking screw 130 so as to radially expand screw 130 and prevent it from 

10 loosening during use. 

|0020] Lastly, it is preferred to provide an energy storing means 140 between socket 20 and the 
prosthetic leg 90. This can be an elastic band 140, as shown in the Figures, or can be any other 
suitable energy storing means. It is preferred that energy storing means 140 be affixed to the 
outside of socket 20 in a manner that allows it to substantially avoid interference with joint 50 

15 when the prosthetic hip is flexed. 

|002l] Once the joint has been completely assembled, it is possible to rotate prosthetic femur 90 
in a sagittal plane. Because hip joint 50 lies substantially in the hip joint plane, the rotation will 
simulate the rotation of a natural leg in a sagittal plane. This is in contrast to conventional hip 
prostheses, which place the axis of rotation for the leg in front of the hip joint plane. 

20 [0022] Load arm 100 is preferably configured such that when the user places his weight on the 
prosthesis, the joint assembly deforms sufficiently to allow outer surface 22 of socket 20 to bear 
on roller 1 10 so that the load is transferred from socket 20 to leg 90 via roller 1 10 and arm 100, 
rather than via hip joint 50. As the patient moves his body forward with his weight on the 
prosthesis, the prosthetic leg is extended backward until it contacts stop member 74. Thus, stop 

25 member 74 and extension stop 70 serve to prevent the prosthetic leg from extending too far 
backward. During this process, roller 110 bears on track 26. As the patient shifts his weight to 
his natural leg and removes his weight from the prosthesis, socket 20 lifts slightly off roller 26 
and the prosthetic leg can be swung forward until it is stopped by the resistance of energy storing 
means 140. As the leg reaches the end of its forward swing, the patient allows the heel of the 

30 prosthesis to contact the ground. The patient can then either move his body forward in a 
continuing stride, again placing his weight on the prosthesis, or can cease walking and place all 
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or a portion of his weight on the prosthesis while standing still. 

[0023] It is preferred that extension stop 70 be positioned during assembly or fitting of the 
prosthesis such that the rearward extension of the prosthesis is optimized for the patient. As 
described above, once the desired degree of extension has been determined, locking plate 60 is 

5 tightened against the outer surface of socket 20 so that further rotation is precluded. 

[0024] Because roller track 26 provides an interface for the transfer of a mechanical load from 
socket 20 to femur 90, the present prosthetic hip joint allows the wearer to load her prosthetic leg 
in a more natural manner. For example, the patient can bend forward at the hip or be seated 
without the unnatural hip/leg relationships that result in a hip prosthesis that has the hip joint in 

10 front of the socket. Furthermore, load arm 100 allows the mechanical load to be transferred to 
the prosthetic leg without the load being transmitted through the joint itself. This in turn allows 
the joint 50 to be more compact. 

[0025] It is believed that one of ordinary skill in the art of prosthetics manufacturing will be able 
to select suitable materials from which to construct the components of the present invention. 

15 Nonetheless, certain materials are suggested herein because they are exemplary of suitable 
materials. The disclosure of various materials herein is not intended to limit the scope of the 
claims in any way. Socket 20 is preferably constructed of fiber reinforced plastic. Similarly, 
locking plate 60, with its integral extension stop member 70 are preferably formed of titanium. 
Tightening plate 80 may be constructed of titanium or stainless steel. Connector 120 preferably 

20 comprises aluminum, titanium, or fiber-reinforced plastic, while the femur to which it is attached 
comprises titanium or another suitable light but strong metal alloy or polymer. 
[0026] Several useful discussions of the context and usage of prosthetic feet and legs are given 
in U.S. Patents Nos. 5,625,596, 5,482,513, 5,443,527, 5116,384, which are all incorporated 
herein in their entireties. For example, the construction of a suitable cosmesis, prosthetic leg 

25 attachment, and composition of various components can be derived from those disclosures. 

While a preferred embodiment of the invention has been shown and described, 
modifications thereof can be made by one skilled in the art without departing from the spirit of 
the invention. For example, the precise shape of the components, the materials of which they are 
constructed, the degree of movement that is allowed in each direction, and other aspects of the 

30 invention can be changed without departing from the spirit of the invention. The ridges used to 
prevent relative rotation between the extension stop and the socket are preferred but can be 
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replaced with any other suitable device, including but not limited to teeth, high-friction inserts, 
locking washers, or the like, or can be eliminated entirely. In other embodiments, the extension 
stop may be fused or adhered to socket 20, although this eliminated the desired adjustability of 
the extension stop. Similarly, the shape of. the extension stop may be modified, so long as it is 
5 capable of engaging and stopping extension of the prosthetic leg. 
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